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ABSTRACT 

A model for the evolution of molluscs is presented. The reconstruction is based on the Frank¬ 
furt Theory which conceives organisms as energy transforming hydraulic units which are 
subject to evolutionary transformation according to the constructional principles ruling orga¬ 
nisation. Evolution is reconstructed as a process of constructional transformations in which 
all stages are explained as explicitly viable constructions; the irreversible transformation 
phases are also rationally explained by referring to constructional properties of the orga- 
nismic machines. It is maintained that the predecessors of molluscs must have been elongate 
worm like animals which were internally tethered by muscles in a way that creeping on the 
flattened ventral "foot" surface became possible. Only organisms controlling the cross-section 
by a densely spaced muscle system could start creeping on hard substrate. The establishment 
of the radula is shown to have been dependent on the adhesive creeping movements which 
allowed anchorage of the construction to the substrate during rasping. The formation of the 
shell elements was rendered possible by concentration of motility to the ventral side while 
the dorsal body wall was held undeformed as a precondition for shell formation. Formation 
of the muscle grid of the foot on the ventral side of the body and the stabilisation by skeletal 
elements of the dorsal side caused a shift of the inner organs into a dorsal hump. From the 
model for the primitive molluscs with segmented shells the continuation into the conchiferan 
constructions with fused shells and the constructional lineages into the major mollusc cons¬ 
tructions are given in captions parallelizing sequences of visualisations of the constructional 
stages with the major alterations. 

RESUMEN 

Se presenta un modelo sobre la evolucion de los moluscos basado en la Teoria de Frankfurt, 
que concibe a los organismos como unidades hidraulicas transformadoras de energia suje- 
tas a transformaciones evolutivas de acuerdo con los principios constructivos que regulan la 
organizacion. La evolucion se reconstruye como un proceso de transformaciones construc- 
cionales en el que todos los estados se explican como construcciones explicitamente viables; 
las fases de transformacion irreversibles tambien se explican racionalmente refiriendolas a 
propiedades construccionales de las maquinas organicas. 

Se defiende que los predecesores de los moluscos deben haber sido animales alargados, 
tipo gusano, que contaban con una malla muscular interna de tal manera que fuese posible 
arrastrarse sobre la superficie aplanada ventral del "pie". Solo aquellos organismos que 
controlasen su seccion mediante un sistema muscular densamente espaciado podian empe- 
zar a arrastrarse sobre un sustrato duro. 


* Naturhistorisches Museum Wien, 3. Zoologische Abteilung, Burgring 7, A-1014 Wien, Austria. 
^Prof. Gutmann died on April 1997. 
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La aparicion de la radula se muestra como un proceso dependiente de los movimientos de 
reptaclon que permitieron el anclaje de la estructura al sustrato durante el raspado. La for- 
macion de elementos conchiferos fue posible por la concentracion de la motilidad en la cara 
ventral mientras que la pared dorsal del cuerpo se mantenia sin deformacion, paso previo 
para la formacion de una concha. La aparicion de la malla muscular del pie en la cara ven¬ 
tral del cuerpo y la estabilizacion de la cara dorsal mediante elementos esqueleticos pro- 
vocaron el traslado de los organos internos hacia una joroba dorsal. A partir del modelo 
de moluscos primitivos con conchas segmentadas se presenta el desarrollo hacia construc- 
ciones conchiferos con conchas fusionadas y hacia las principales estructuras construccio- 
nales de moluscos, mediante encabezamientos de sequenclas paralelas de estados de de¬ 
sarrollo, incluyendb las principales alteraciones. 


KEY WORDS: Molluscs, hydraulic constructions, phylogenetical reconstruction, metamery, radiation. 
PALABRAS CLAVE: moluscos, construcciones hidraulicas, reconstruccion filogenetica, metameria, radiacion. 


INTRODUCTION 

Evolution can never be directly obser¬ 
ved. It must be reconstructed in models 
describing the sequences of transforma¬ 
tional steps. All stages of evolution neces¬ 
sarily have to be represented by explicitly 
viable organismic constructions. The the¬ 
oretical concept and the methodology 
which allows such reconstructions is the 
Frankfurt Evolution Theory (FET) 
(Gutmann, 1974,1989; Bonik, Grasshoff 
AND Gutmann, 1977; Gutmann and 
Edlinger, 1994a, b, c, d; Edlinger, 1989a, 
b; Edlinger, Gutmann and Weingar- 
TEN, 1991; Vogel, 1991). In accordance 
with the demands and results of other bio¬ 
logical disciplines, this theory conceives of 
organisms as energy transforming units 
and as autoformative constructions. 
Reconstructions of the evolutionary 
changes in the sense of the Frankfurt Evo¬ 
lutionary Theory are supported by the 
insight into the constructional properties 
of all animal soft body systems which 
function as hydroskeleton apparatuses 
and hydraulic units. Before reconstruc¬ 
tions are attempted the principles and 
physical laws governing the organismic 
entities must be known. 


ORGANISMS: ENERGY TRANS¬ 
FORMING ENTITIES 

On the basis of constructional expla¬ 
nations metazoan animals must be des¬ 


cribed and explained as self-sustaining 
and energy transforming systems. Basi¬ 
cally, they function as machines. They 
are capable of actively acquiring matter 
and energy from their environment. By 
transforming the chemical energy thus 
obtained into mechanical force the wor¬ 
king activity of the body construction is 
generated. 

Energy transformation in the cons- 
• tructions is determined by the structure 
of specific macromolecular components, 
mainly in muscles and cilia. To become 
effective as driving engines the energy 
transforming structures have to be inte¬ 
grated into an energy cascade of a mecha¬ 
nically coherent structural whole in which 
the forces are transmitted to mechanically 
working units. A chain of force transmit¬ 
ting structures connects the energy trans¬ 
forming sites with the working units of 
the animal body. This chain must never 
be interrupted because interruption would 
lead to dysfunction and failure of the orga¬ 
nismic construction. The internal activity 
is also dependent on the form determi¬ 
ning structural order and on the effective 
suppression of useless motoric deforma¬ 
tions by restraining structures. 

After the chemo-mechanical energy 
transformation on the macromolecular 
level the energy is finally utilised in the 
machinery for the generation of form, 
locomotion, behaviour, and also for 
reproduction. 
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The constructional concept of orga¬ 
nisation conceives of organismic units 
as hydraulic entities that are composed 
of enclosing membranes and flexible 
integumental walls. The form of every 
living body must be enforced by tethe¬ 
ring and or bandaging structures which 
suppress the tendency of all living 
(hydraulic) units to assume a spherical 
shape. In animal constructions the form 
is entirely or mainly determined by the 
tensile force of muscles and by the mesh 
of connective tissue structures which are 
organised in highly ordered arrays. In 
the course of evolution all transforma¬ 
tion stages must be shown to comply 
with the laws of form-enforcement in 
hydraulic units. The internal construc¬ 
tional principles and law-like principles 
determine the directionality and the 
irreversibility of evolutionary change. 

The capability of living construc¬ 
tions to function as energy transforming 
apparatuses and the ability to obtain an 
input of matter and energy are determi¬ 
ned by the structural order of the energy 
transforming and working construction. 
All stages of evolutionary transforma¬ 
tion series must never lose their structu¬ 
ral order and can only undergo gradual 
transformation in a way that the prece¬ 
ding constructional stages open up the 
organismic options of the subsequent 
alterations. These alterations lead into 
constructional alleys with further trans¬ 
formation sequences. 

Evolution which is driven by the 
activity of the organisms themselves 
and the insuppressible generation of 
non-directional variation has to follow 
very specific internal principles; the step 
by step alterations must be forced on 
alleys of ordered constructions and on 
sequences of non-fortuitous stages. 

Because the principles and laws of 
organisation can be elucidated in extant 
organisms, the transitional sequences can 
be reliably reconstructed. So models can 
be formulated which are rational in 
respect to the methodology applied. Con¬ 
sequently they provide valid explanations 
of the intermediate constructional stages. 

In all organismic constructions the 
course of evolution, mainly of the gross 


morphological level, can be shown to de¬ 
pend on the constructional organisation 
outlined above. Consequently all minor 
physiologically, cytologically, and histo¬ 
logically based functions must be un¬ 
derstood as subservient and dependent 
on the conditions given by the construc¬ 
tion as a whole. 

Morphological features and so called 
morphological characters in the traditio¬ 
nal sense, at all levels of the organisms, 
must be seen as enforced by mechanical 
structures and as energy transforming 
structures. 

Constructional morphology and the 
reconstruction of evolutionary transfor¬ 
mation do not allow the employment of 
traditional methodologies which prescribe 
the dismantling and disintegration of 
living constructions into morphological 
patterns or an array of distinct characters. 
Such a procedure is advocated by cladis- 
tic "methodologies". Selection and deli¬ 
mitation of features automatically des¬ 
troys the coherence of organismic systems 
and the basic hydraulic constitution. In 
living machines constructional coherence, 
the hydraulic properties, the order of form- 
enforcing structures, and the cataract of 
energy transforming structures of orga¬ 
nisms are not accessible to character analy¬ 
sis and comparison of form as advocated 
by traditional morphology. Only cons¬ 
tructional alterations based on the recons¬ 
truction of constructionally and functio¬ 
nally viable stages are of interest. 

Superficial aspects of similarity of form 
and so called homologies in the sense of 
traditional morphology are also of no rele¬ 
vance because constructional explanation 
has to follow lines of analysis that are com¬ 
parable to engineering procedures. 

Such principles preclude the depic¬ 
tion of fortuitous alterations and arbi¬ 
trary morphoclines and allow the deter¬ 
mination and the reconstruction of the 
transformation alleys and the establish¬ 
ment of the sequences of stages in the 
course of evolution. All evolutionary 
alterations must be shown to be delimi¬ 
ted by the internal constructional pro¬ 
perties of the living machines (Fig. 1). 

Thus, the constructional alterations of 
evolution have to be reconstructed as 
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Figure 1. Interrelations between the different levels and parts of organisms and between organisms 
and their environment (after BerEITER-HaHN, 1991 and EdlINGER, 1995). 

Figura 1. Interrelaciones entre los diferentes niveles y partes de organismos y entre los organismos y su 
medio ambiente (tornado de Bereiter-Hahn, 1991 y EdlinGER, 1995 ). 


internally guided and directed and cannot 
be understood as adaptational processes 
or as ruled by environmental factors in the 
sense of Darwinian thinking. Evolution in 
the sense of the FET, which is certainly the 
most radical variant of post-Darwinian 
concepts assumes a new status and is 
based on the properties of the evolving 
organismic entities. Therefore, all Darwi¬ 
nian tenets are excluded from the recons¬ 
tructions as they are not conducive to the 
constructional principles which rule orga¬ 
nismic constructions and evolutionary 
transformation. 

The theoretical tenets and the met¬ 
hodology of the reconstruction procedu¬ 
res were elaborated by a group of 
authors (Bonik et al., 1977; Gutmann, 
1974, 1989; Edlinger, 1989a, b, 1991a, b, 
1992a, b, 1994a, b; Edlinger et al., 1991; 
Vogel, 1991). Numerous models 
provide corroborating evidence for the 
successful application of the methods 
and for the validity of the non-Darwi¬ 
nian evolutionary theory. 

On the basis of the just outlined con¬ 
cept ontogenetic and phylogenetic deve¬ 
lopment of molluscs (like that of other 
'"bauplans" of animals) must be recons¬ 
tructed as transformational sequence of 
organismic constructions over viable 
intermediate constructional forms. The 


sequence of evolutionary alterations 
must be ruled by the intrinsic laws and 
constructional principles which are res¬ 
ponsible for the continuation of energy 
transformation and motoric activity in 
all stages. 

MOLLUSCS AS A CASE STUDY 

In the following the evolution of the 
mollusc constructions is presented as a 
case study. The stages of mollusc evolu¬ 
tion have to be described and figured 
out as tethered systems which in most 
cases allow flattening of the foot. In this 
way they can exert sufficient control of 
body shape by tethering muscles while 
the shell structures serve only as defor¬ 
mation suppressing elements in the 
dorsal parts of the coherent whole. 

THE DERIVATION OF THE MO¬ 
LLUSCS: THE KEY TRANSFORMA¬ 
TION STEPS 

In reconstructions based on cons¬ 
tructional morphology the morphocli- 
nes and all aspects of directionality of 
evolutionary transformation are 
derived from the biomechanical princi- 
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pies of the living organisms. Thereby, 
the arrow of time is firmly supported 
by irreversible constructional explana¬ 
tion. On the basis of the constructional 
analysis only the derivation of molluscs 
from annelid-like forerunners can be 
consistently explained (Gutmann, 
1974; Edlinger, 1991a). 

The basic mollusc construction must 
certainly have been a creeping creature 
with a flattened foot and a dorsal shell 
or a sequence of shell elements. The 
problem posed by this basic and only 
sketchily figured out construction can 
be formulated in the following way. 

How can such a constructional 
constitution arise in skeleton free 
hydraulic forerunners of whatever kind 
of primitive metazoan organisation? 
Which constructional organisation 
might have been the incipient stage for 
the emergence of the basic properties? 

The key changes can only be explai¬ 
ned if one sets the starting point of the 
transformation sequence in an annelid 
like segmented soft body construction 
which was capable of controlling the 
cross-section of the body in a way that 
creeping on a flattened ventral side 
became possible. Flattening must have 
been the first stage of adhesive creeping. 

The initiation of creeping on a flatte¬ 
ned ventral side was a realistic option of 
annelid-constructions with an internal 
tethering by dissepimental and other 
muscles which traversed the cross 
section of the elongate apparatus. 

In conjunction with the development 
of the adhesively creeping foot and its 
anchorage at the substratum the radula 
developed in a well demarcated head 
region. The use of the radula as a 
rasping organ was dependent on the 
concomitant formation of the adhesive 
creeping foot apparatus. This apparatus 
allowed the radula indirectly to be 
pressed against the substratum during 
feeding. Simultaneously the shells could 
come into existence as dorsal stabilising 
structures in the non deformed dorsal 
portions of the body, while an intensifi¬ 
cation of motility for peristaltic adhesive 
creeping occurred on the ventral side. 
This constructional constitution is in 


some way still existing in extant flatte¬ 
ned chitons. 

After the establishment of this cons¬ 
truction with its segmented sequence of 
skeletal structures in polyplacophoran- 
like organisms new paths of evolution 
were viable. They led to worm-like 
constructions in a step by step loss of 
the shell. In this way some recent forms 
of worm-like molluscs, the Ventroplicata 
and the Caudofoveata, are easily deriva¬ 
ble from chiton-like predecessors. 

Fusion of the shell-plates occurred in 
the other major branch. Fusion of the 
segmented shells, in accordance with 
specific changes of the soft body led to 
the formation of the conchiferan cons¬ 
truction with its typical unified shell. 

One consequence of this fusion of 
the conchiferan shell was that, in con¬ 
junction with the formation of the fused 
shell, a narrow waist developed 
between the cephalopodium and the 
dorsal body portion while the internal 
organs were restructured in the frame of 
a visceral hump. 

The basic conchiferan organisation is 
to a certain extent represented in the still 
extant Tryblidiaceans which display 
clear metamerism of some organs. The 
basic Conchiferans provided the cons¬ 
tructional basis for a radiative explosion 
that generated most molluscan cons¬ 
truction types of the conchiferan level. 

The narrowing waist caused and 
even enforced reductions especially of 
the of the number of dorsoventral 
muscles, gills, and kidneys and the com¬ 
pensatory enlargement of the few per¬ 
sisting organs. 

The major steps of transformation 
are described and depicted in the illus¬ 
trations. The complete explanation of 
the transitions leading to the mollusc 
constructions cannot be presented here. 
It was elaborated in a sequence of 
papers which may be consulted by the 
interested and critical reader. In the 
following the major steps are depicted 
in the illustrations. The ensuing expla¬ 
nation is formulated as a caption in 
respect to the illustration (Fig. 2). It 
should be stressed that the pictures are 
no typical morphological illustrations. 
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They present visualisations of the array 
of form enforcing structures and have to 
be conceived as constructional models. 

(1.1.) A worm-like predecessor (Gut- 
MANN, 1974; Edlinger, 1991a) with me- 
tameric coelomic pouches, dissepiments, 
and other segmental tethering elements. 
Flattening is made possible by dorsoven- 
tral and other muscles on the dissepiments. 
All non-longitudinal muscles are helpful 
in controlling the cross-section and allow 
flattening of the worm-like body in the in¬ 
cipient stages of creeping on hard subs¬ 
trate. 

Metamerism which allowed flattening 
of the ventral side of the body is manda¬ 
tory in the precursor stages of molluscs. 
Flattening of the body is only possible by 
internal tethering structures such as mus¬ 
cle bearing dissepiments and internal mus¬ 
cles transcending the coelomic chambers 
which were capable of suppressing the 
tendency to assume a circular shape. Lack 
of cross sectional tethering as observed in 
non-metameric worms would result in a 
circular cross-section of the soft body and 
preclude even the beginning creeping on 
hard substrate. 

In an early stage of evolution the 
mouth became equipped with chitinous 
teeth which were located around the sto- 
modeum and in the foregut. 

(1.2.) Transition to the basic mollusc 
construction required the formation of a 
thick ventral muscle lattice forming a flat 
and highly deformable foot which was 
able to follow the contours of the bottom. 
This enabled the organisms to creep ad¬ 
hesively and start rasping at the substrate. 

In the course of the incipient stages of 
transformation the coelom and the other 
inner organs were shifted to the dorsal 
side. In the dorsal part of the animals co¬ 
elomic metamerism was retained and even 
further demarcated by the newly develo¬ 
ping shells. 

(1.3.) As muscular activity in the form 
of peristaltic waves travelling over the foot 
was concentrated in the ventral portion of 
the pre-mollusc constructions the dorsal 
parts of the body were held mostly un¬ 


deformed. In this situation serial shell ele¬ 
ments developed as economising struc¬ 
tures; they replaced energetically expen¬ 
sive structures such as muscles and con¬ 
nective tissue structures. The newly 
developed skeletal structures served as 
stabilising elements in the deformable and 
still worm-like hydraulic apparatus. As 
the shells formed a sequence of indepen¬ 
dent elements bending movements of the 
body were still possible; they are remnants 
of the worm-like bending and peristaltic 
activity of the predecessors. The dorsally 
situated serial plates were mechanically 
connected to the foot by strong muscles 
which continue to demarcate the prece¬ 
ding metamerism of the annelid-like pre¬ 
decessors. 

In accordance with the mechanical re¬ 
quirements for the flattening of the foot 
the pairs of muscles were arranged as den¬ 
sely spaced pairs of vertical, transverse, 
and oblique bundles under each plate. 
These muscles project into the dense mus¬ 
cular grid of the foot. Transversely orien¬ 
ted muscles cross from one side to the ot¬ 
her. In this way the form of the whole ani¬ 
mal is under control of the tethering 
structures. Lateral extensions of the shells 
and their roof-like position allowed the 
formation of lateral grooves. In these gro¬ 
oves the metameric gills were established 
as projections of the soft body wall. They 
were indispensable for the developing mo¬ 
lluscs because the adhesion of the foot to 
the bottom and the covering dorsal shells 
reduced the body surface usable for res¬ 
piration. Only the lateral parts of the soft 
body continued to be exposed to the su¬ 
rrounding medium. The newly develo¬ 
ping gills were forced into the old meta¬ 
meric constellation because the vessels 
had to pass between the pre-existing me¬ 
tameric muscle bundles. 

Around the shell a spicule bearing 
girdle consisting of connective tissue and 
musculature was established. This girdle 
served as a protection for the lateral gro¬ 
oves with the gills. 

Pari passu with the rearrangement of 
the musculature the large coelomic cavi¬ 
ties of the annelid like ancestors were res¬ 
trained to a narrow dorsal strip. While the 
posterior part of the coelom was altered 
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Figure 2, The evolution of chiton-like molluscs out of annelid-like metameric ancestors. An early 
branching into chiton-like and conchiferan constructions occurs. 

Figura 2. EvoLucion de los moluscos con forma de quiton a partir de ancestros metamericos tipo anelido. 
Tiene lugar una pronta separacion entre construcciones conchtferas y con forma de quiton. 


into the pericardium around the effecti¬ 
vely pumping heart the other parts ser¬ 
ved as cavities containing the gonads. 

In conjunction with adhesive creeping 
the structures around the mouth were per¬ 
fected into a radula by shifting of the chi- 
tinous teeth into a ventral pouch of the fo¬ 
regut. The establishment of the radula 
must be seen in conjunction with the cre¬ 
eping mode of locomotion. The scraping 
radula could only become effective when 
the body remained firmly attached to the 
substrate in a way that exertion of pres¬ 


sure by the radula onto the substrate 
would not push the animal body away 
from the underlying surface. From this fo¬ 
llows that the radula could only develop 
in strict interdependence with the cree¬ 
ping performance of the foot. 

(1.4.) Reconstructed predecessors of 
Conchiferan and Polyplacophoran cons¬ 
tructions. In the anterior portion of the 
body the coelom was gradually reduced. 
The gut formed lateral pouches in the form 
of the midgut-glands, which, besides their 
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Figure 3. Evolutionary transformation of chiton-like predecessor into Placophora, Caudofoveata 
and Ventroplicata. 

Figura 3. Transformacion evolutiva del predecesor tipo qiiiton en Placophora, Caudofoveata y 
Ventroplicata. 


digestive function, served as newly formed 
fluid filled entities in the frame of the form 
enforcing structures and as a substantial 
part of the filling of the inner spaces of the 
body. The gut pouches were also helpful 
in holding the gut in its position. As the 
coelomic space was restrained by the mus¬ 
cle construction and receded to narrower 
dorsal cavities glandular kidney structu¬ 
res had to develop as extensions of the 
metanephridia. They collected excretory 
material from the extra coelomic spaces 
mainly in the muscle grid. Such an alte¬ 
ration of the metanephridial excretory or¬ 
gans was necessitated by the enlargement 
of the extracoelomic fluid fillings of the 
muscular grid. The coelom inevitably lost 


its function as the sole fluid filling unit of 
the body. There can be no doubt that the 
evolutionary transformation of the mus¬ 
cle apparatus and the restructuring of the 
excretory system were coupled and mu¬ 
tually dependent. 

(2.1.) The Polyplacophoran like tran¬ 
sitional stage. The model represents an 
early organisational constellation in mo- 
lluscan evolution. These forms retained 
the metameric organisation of muscle 
system, shell arrangement, gills, and 
kidneys (Fig. 3). 

(2.1.1.) The fully developed Polypla¬ 
cophoran constructions represent a side 
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(2.2.1A.) 



Figure 4. The radiation of conchiferan constructions resulting in diverging organismic types which 
are capable of occupying different environmental conditions. 

Figura 4. Radiacidn de construcciones conchifems que resulta en tipos de organismos divergentes capaces 
de ocupar diferentes condiciones ambientales. 


branch of primitive molluscs. Flattening of 
the shells became more pronounced. The 
serial shell plates continue to preserve the 
metameric arrangement of the dorsoven- 
tral musculature. In the course of flattening 
the circulatory and the gill systems were 
restructured in a way allowing the non- 
metameric array of the gills and decou¬ 
pling of internal metamerism and gill-po¬ 
sition. This is unique in Polyplacophorans 
and not representative for the transition to 
the molluscs with fused shells. 

(2.1.2.) Evolution of the Caudofovea- 
tan construction is part of a radiative 
differentiation of the polyplacophoran 
organization. This lineage must have 
started from polyplacophoran forms 
(Edlinger, 1989b) which underwent re¬ 
duction of the shells. Concomitantly 
with shell reduction the lattice-like mus¬ 
cle foot was only retained in the anterior 
portion of the worm like body. The gut 
was also considerably altered; in the 
rear portion the intestinal canal was su¬ 
rrounded by the midgut-glands, which 
held the gut in its position. In these bu¬ 
rrowing constructions only one poste¬ 
rior pair of gills was retained in the hind 


part of the body. The resulting worm¬ 
like form developed independently of 
the Ventroplicatan constructions. 

(2.1.3.) Evolution of the Ventroplicatan 
construction is also a branch of Polypla¬ 
cophoran radiation: loss of shell structu¬ 
res in conjunction with an enlargement of 
the girdle resulted in the formation of a 
worm-like body. The foot-complex per¬ 
sisted as a narrow groove running along 
the ventral side of the whole body length. 
The groove remains internally tethered 
by the dorsoventral muscle bundles which 
are certainly rudiments of the serial shell 
related retractors. In contrast to the bu¬ 
rrowing Caudofoveata the Ventroplicata 
are capable of climbing in ''tree-like" en¬ 
vironments. To corroborate the derivation 
of the worm-like forms from Polyplacop¬ 
horans it should be kept in mind that some 
extant Polyplacophorans as Cryptoplax 
show an observable tendency to reduce the 
shells. 

(2.2.) In the evolutionary alley to the 
Conchiferan constructions (Fig. 4) the Mo- 
noplacophorans demarcate a strategic 
intermediate stage. 
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(2.2.I.2.) 





Figure 5. Transformation of monoplacophoran-like ancestors into scaphopods by extreme dorso- 
ventral elongation. 

Figura 5. Transformacion de ancestros tipo monoplacoforo en escafopodos mediante una elongacion dor- 
soventral extrema. 


The unified shell was formed by fu¬ 
sion of the segmental skeletal elements. 
This process ensued in the deepening of 
the groove between the cephalopodium 
and the shell-covered visceral hump. The 
waist became more pronounced and the¬ 
reby the cephalopodium was rendered 
more flexible in respect to the shell. In the 
Monoplacophora the metameric soft 
body organization of muscles, gills, 
nephridia and portions of the coelom is 
still retained. Metamerism is obviously 
fading from the rostral portion of the 
body (Gutmann, 1974; Edlinger, 1991a). 
Noticeable is the concentration of the an¬ 
cestral structures, coelom, sac bearing 
nephridia, and gills in the rear part of the 
body. This situation is indicative of the 
transition to the other conchiferan cons¬ 
tructions which sprang from a radiative 
divergence of constructions. 

(2.2,1.) The fully developed Conchife¬ 
ran Constructions. 

In all conchiferan constructions with 
fused shells the separation of the two 
body-portions, the cephalopodium and 
the dorsal hump,'by a waist allows free 
movement of the foot and the undeformed 
posture of the visceral sack with the stiff 
shell frame far from the substrate. The for¬ 
mation of the waist enforced the reduction 
of the number of gill-pairs in all derived 
conchiferan constructions. 


(2.2.I.I.) Neopilinida. 

The Neopilinida are flattened recent 
Monoplacophoran constructions with clear 
remnants of metamerism in the arrange¬ 
ment of muscles, nephridia and gills. So 
they must be early representatives of the 
transition phase to the Conchiferans. Ho¬ 
wever, clear indications of reduction of 
metamerism from the anterior portion of 
the body become evident; the anterior gills 
are reduced and the muscle bundles fused 
(Gutmann, 1974; Edlinger, 1991a). 

(2.2.I.2.) Evolution of Scaphopod cons¬ 
tructions. 

Scaphopods are derived from a Mo¬ 
noplacophoran stage with a posterior slit 
in the shell for the expulsion of faeces. A 
dorsoventral elongation of the construc¬ 
tion caused the reduction of the number 
of muscles and gill pairs and the forma¬ 
tion of a tube-like shell. The foot changes 
its form by a rearrangement of the inter¬ 
nal muscle-lattice and becomes a burro¬ 
wing organ. The posterior slit of the shell 
became an elongate hole. This hole enabled 
the animals to ventilate their mantle cavity 
when they penetrated into the substrate. 
The water is sucked in from the anterior 
region and expelled through the poste¬ 
rior hole. The total reduction of the gills 
is enforced by the narrowing of the man¬ 
tle cavity when the elongate organisms 
developed (Edlinger, 1991b) (Fig. 5). 
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(2.2.I.3.) 




Figure 6. The evolution of the gastropod construction by torsion. Torsion occurs after the forma¬ 
tion of a waist between the cephalopodium and the visceral hump and reduction of most of doso- 
ventral muscles. 

Figura 6. La evolucion de la estructura de un gasteropoda mediante torsion. Esta ocurre tras la forma- 
cion de un estrechamiento entre el cefalopodio y el asa visceral, y la reduccion de la mayoria de los mus- 
culos dorsoventrales. 


(2.2.I.3.) Evolution of Gastropods (Ed- 
LiNGER, 1988a, 1988b, 1989a). 

The most significant event of gastro¬ 
pod evolution was the torsion of the vis¬ 


ceral hump after a very narrow waist had 
formed and most of the gill pairs had been 
reduced. Torsion led to an anterior posi¬ 
tion of the partially reduced mantle ca- 
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(2.2.I.4.) 



Figure 7. The evolution of cephalopods characterized by the appearance of gas-filled spaces at the 
top of the shell and by a radical rearrangement of the musculature of the cephalopodium with 
strong muscular arms and suckers. 

Figiira 7. Evolucion de los cefalopodos, caracterizada por la aparicion de cdmaras llenas de gas en la parte 
aha de la concha y una redistribucion radical de la musculatura del cefalopodio con fuertes ramas mus~ 
culares y ventosas. 


vity with the remaining gills and the for¬ 
mation of the chiasma of the lateral nerve 
cords. The precondition for torsion lies in 
a step by step reduction of dorsoventral 
muscle bundles of a Monoplacophoran 
ancestor and by narrowing of the waist 
between the cephalopodium and the vis¬ 
ceral hump. This process is connected with 
a step by step spiralling up of the shell. The 
persistence of only one pair of crossing 
obliquely transversal muscles could cause 
the torsion. Totally bilaterally organised 
symmetric Bellerophontacean shells are 
representative of this process (Fig. 6). 

(2.2.1.3.1) Radiation of Gastropod cons¬ 
tructions: All gastropod lineages are de¬ 
rived from a Bellerophontacean stage with 


a bilateral and helical shell, which posses¬ 
sed slits or a series of holes in the poste¬ 
rior part of the shell for the expulsion of 
faeces. Only one pair of parallel dorso¬ 
ventral muscles persisted. Asymmetry 
could arise by the partial or total reduction 
of one of the dorsoventral muscles and 
the change of the planispiral shell of Be- 
llerophon-like ancestors to an asymme¬ 
tric helical form. In most cases the gills be¬ 
came also unequal or one gill was entirely 
reduced (Edlinger, 1988a, 1988b, 1989a). 

Flattening and secondary reduction of 
the coil can result in the formation of a cup¬ 
like shell. Flattening must cause a change 
in the muscle arrangement. The dorso¬ 
ventral muscles and their scares on the 
inner of the shells were enlarged to form 
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Figure 8. The evolution of bivalves by a rearrangement of the dorsoventral muscles and a division 
of the shell to a bivalve one. 

Figura 8. Evolucion de los bivalvos por medio de iina redistribucion de los musculos dorsoventralesy una 
division de la concha hacia una concha bivalva. 


horseshoe-like insertions. The gills can 
persist as in Fissiirella, In this case the re¬ 
tractor muscle will form a homogeneous 
horse-shoe-like entity. If the gills are also 
reduced and substituted by secondary 
gill-like structures the muscles are splitted 
up into a Monoplacophoran-Iike situation 
oi Patella (Edlinger, 1988a, 1988b, 1989a; 
Haszprunar, 1988). 

(2.2.1.4.) Evolution of Cephalopod 
constructions (Bonik, Grasshoff, Gut- 
MANN AND Klein-Rodder, 1977). The de¬ 
velopment of gas-filled chambers in the 
apical part of the shell rendered the orga¬ 
nisms more buoyant. The foot with its de- 
formability and the adhesive capabilities 
was altered into a system of muscular 
arms with suckers which could grasp prey. 
Retraction of the soft-body into the shell 
inevitably caused expulsion of a water- 
current. In the course of evolution im¬ 
provement of this mechanisms was alte¬ 
red into effective jet propulsion when the 
hind part of the foot was modified to form 
a narrow funnel through which the water 
expelled from the mantle cavity was con¬ 
centrated to enhance the jet effect. This 
constructional situation can be observed 
in all cephalopods (Fig. 7). An early bi¬ 
furcation or diphyletic development gave 


rise to the branches of endocochlean and 
exocochlean Cephalopod construction 
(2.2.1.4.1, 2.2.1.4.2). 

(2.2.I.5.) Evolution of Bivalve Cons¬ 
tructions (Vogel and Gutmann, 1980). 
The origin of Bivalves can be understood 
as a rearrangement of the dorsoventral 
muscles in a high chambered Monopla- 
cophoran ancestor. A considerable por¬ 
tion of the dorsoventrally and obliquely 
arranged muscles in the foot were shif¬ 
ted into a horizontal position connecting 
not the shell and the foot as in the former 
stages but the two laterally bent down 
plates of an evolving bivalved shell. 
Contraction of the muscles brought the 
flanks of the shells together in protective 
behaviour. Most of the vertical (dorso¬ 
ventral) portions of the musculature re¬ 
tained their original retractile function in 
respect to the foot but the number of re¬ 
tractors was reduced. Consequently 
most of the gills disappeared with one 
pair remaining. 

The remaining pair of gills are utilised 
as filterfeeding devices because lateral 
cephalic lobes bridged the gap between the 
mouth and the gills and formed conveyer 
belts for the transport of food from the 
gills to the mouth (Fig. 8). 
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DISCUSSION AND CONCLUSION 

It is very obvious that in the perspec¬ 
tive of constructional morphology and 
organismic evolution character-analysis 
and the establishment of sequences of 
organismic forms in the sense of homo¬ 
logies are inconclusive and arbitrary. 
They pose problems but do not provide 
answers because description of form and 
character analysis do not lead to cons¬ 
tructional insight or an understanding of 
form determination. Constructional alte¬ 
ration in evolution can not reasonably be 
derived from genetic or other molecular 
features (Ghiselin, 1988; Wagele, 1994; 
WAgele and Wetzel, 1994; Edlinger, 
1995). The understanding of organisms 
as constructions leaves no doubt that the 
constructional configuration determines 
evolutionary change of the living machi¬ 
nery and prescribes the sequence of 
constructional stages and of irreversible 
steps. There is little freedom for contin¬ 
gency in the order of the "bauplan'" con¬ 
figurations and no encouragement for 
simple description and form compari¬ 
son. Nothing useful can come from such 
traditional approaches which are blind 
to causal aspects and insensitive for ex¬ 
planatory principles. 

When organisms are conceived as 
energy transforming constructions evo¬ 
lution must be ruled by constructional 
principles and not by subjective ''gestalt" 
properties or subservient molecular me¬ 
chanisms. As could be shown in the fore¬ 
going context strict obeisance of the cons¬ 
tructional principles allows the rejection 
of constructionally impossible or impro¬ 
bable alternatives. From the methodology 
applied and the mode of reconstruction of 
the evolutionary transformations just ad¬ 
vocated follows that traditional phyloge¬ 
netic concepts, form sequences, and cla- 
dograms based on usual procedures are 
not considered valid. Therefore, traditio¬ 
nal hypotheses are bypassed and left out 
of consideration when the criteria of the 
Frankfurt-Theory are applied. If some¬ 
body feels the need to adhere to the idea 
that Plathelminths, non-segmented 
worms, or Nemerteans might be the pre¬ 
cursors of mollusc he or she should pre¬ 


sent a continuous model with a strict ex¬ 
planation of the intermediate construc¬ 
tional steps. 

The genes and other molecular me¬ 
chanisms which are subservient in relation 
to the living constructions and their struc¬ 
tures have to comply with the construc¬ 
tional requirements and must follow cons¬ 
tructional modifications of the machinery 
in the course of structural reorganisation. 
Taken as separate features molecular and 
physiological mechanisms are not useful 
for the elucidation of constructional change 
in evolution. Therefore, constructional 
morphology neglects all traditional sug¬ 
gestions as to the affinity of organismic 
groups based on form similarities in the 
sense of homologies and on subservient 
and constructionally dependent molecu¬ 
lar and physiological properties. 

It is not possible to give a list of all the 
published sequences of forms which were 
figured out to represent what all the aut¬ 
hors tried to suggest as stages of mollusk 
evolution (ScHELTEMA, 1978; Gotting, 
1980a, 1980b; Haas, 1981; Bandel, 1983; 
Lauterbach, 1983a, b; Haszprunar, 1988, 
1992a, b). Many contributions were for¬ 
mulated by paleontologists (Runnegar 
AND PojETA, 1974; Runnegar, Pojeta, 
Noel, Taylor, Taylor and McClung, 
1975; Marek and Yochelson, 1976; Yo- 
CHELSON, Flower AND Webers, 1973; Po¬ 
jeta Jr., 1987) who started from one or the 
other fossilstructure. Most morphoclines 
presented since the last century are highly 
contradictory, however, all of them have 
in common an access that arbitrarily selects 
some features of skeletal or soft body struc¬ 
tures. 

Organisms as constructionally res¬ 
trained and not deliberately transforma¬ 
ble entities are not even expected. In none 
of the published morphoclines is the di¬ 
rectionality of evolutionary transforma¬ 
tion elaborated or explained as irreversi¬ 
ble. Organisms are misconceived as sha¬ 
ped and freely modifiable pieces of art. 
Fruitful discussion can only start when 
alternative models with continuous ex¬ 
planations and well supported transfor¬ 
mational polarities are given. In the pre¬ 
sent situation the discussion of all the 
morphoclines would require the sacrifi- 
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cium intellectus. Also in the field of ra¬ 
diation of the phylum Mollusca recons¬ 
tructions have to be done on the consistent 
basement of constructional laws and so¬ 
lid criteria of directionality of evolutio- 
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